Objective. The federal meaningful use (MU) program was aimed at improving adoption and use of electronic health records, but practicing physicians have criticized it. This study was aimed at quantifying the benefits (ie, usefulness) and burdens (ie, workload) of the MU program for practicing family physicians. Materials and Methods. An interdisciplinary national panel of experts (physicians and engineers) identified the work associated with MU criteria during patient encounters. They conducted a national survey to assess each criterion's level of patient benefit and compliance burden. Results. In 2015, 480 US family physicians responded to the survey. Their demographics were comparable to US norms. Eighteen of 31 MU criteria were perceived as useful for more than half of patient encounters, with 13 of those being useful for more than two-thirds. Thirteen criteria were useful for less than half of patient encounters. Four useful criteria were reported as having a high compliance burden. Discussion. There was high variability in physicians' perceived benefits and burdens of MU criteria. MU Stage 1 criteria, which are more related to basic/routine care, were perceived as beneficial by most physicians. Stage 2 criteria, which are more related to complex and population care, were perceived as less beneficial and more burdensome to comply with. Conclusion. MU was discontinued, but the merit-based incentive payment system within the Medicare Access and CHIP Reauthorization Act of 2015 adopted its criteria. For many physicians, MU created a significant practice burden without clear benefits to patient care. This study suggests that policymakers should not assess MU in aggregate, but as individual criteria for open discussion.
INTRODUCTION
Primary care is the frontline of medicine, providing the greatest range of health care services across the widest range of patients and environments. 1, 2 Primary care physicians (PCPs) account for more than two-thirds of US health care encounters, 3 making them a focus of regulatory programs seeking to improve health outcomes and/or reduce costs. Over time, PCPs' work has expanded beyond caring for patients to include participating in regulatory programs, satisfying insurance requests, and adopting emerging technologies. [4] [5] [6] [7] [8] [9] [10] The US Centers for Medicare and Medicaid Service's (CMS) meaningful use (MU) program was aimed at improving the adoption and use of electronic health records (EHRs) by showing that better management of health information through technology improves health care 11 through the following:
• patient evaluation, diagnosis, treatment, and care coordination;
• patient safety; and • population health.
Since its inception in 2011, the MU program has been criticized more than praised by practicing physicians [12] [13] [14] for increasing nonvalue-added work during patient encounters. 6, 9, 15 In recent years, increasing negative sentiment has led to a range of commentary comparing physicians to highly paid data entry clerks 15, 16 and mocking the MU program as "meaningless abuse." [13] [14] [15] In part, this reaction stems from certified EHRs that do not allow physicians to efficiently satisfy MU requirements. 5, [17] [18] [19] [20] However, reports to date are primarily grounded in opinion and case studies, which do not provide a way to quantify or generalize the impact of the MU program on physicians. The aim of this study was to quantify the benefits (ie, usefulness) and burdens (ie, workload) of the MU program criteria for US family physicians. These data can be used to guide discussions with policymakers and health IT developers about how to improve MU's efficiency and effectiveness.
METHODS
In 2015, the American Academy of Family Physicians (AAFP) recruited a national panel of 13 physicians, industrial and systems engineers, and experts who actively work as researchers in primary care and/or maintain primary care practices. The project was to evaluate the benefits and burdens associated with the MU program from the physician's point of view during patient face-to-face time, arguably the most valuable segment of the patient encounter. Figure 1 shows the study's framework.
The panel developed a consensus list of tasks minimally necessary to satisfy each of the 31 MU criteria 11 (see Supplementary Appendix A); for consistency purposes, the panel established definitions for commonly used terms (see Table 1 ). The panel developed a survey based on this list of tasks, so that physicians could more easily evaluate each criterion for usefulness to their patients (ie, benefit) and impact on their work (ie, tasks and associated actions). Through multiple in-person pilot-test interviews, 2 on-site focus groups, and online testing of physicians, the survey was Figure 1 . Study process.
refined for structure/layout, length, question intent, specificity, and wording bias (see Supplementary Appendix B). The final design allowed physicians the freedom to respond about their specific practice and patients. Time to complete the survey was estimated to be 25-30 minutes. Data collection occurred over a 4-week period from July to August 2015. Independent of the panel, AAFP marketing resources built and hosted the survey and invited participants, which allowed confidential data collection and a deidentified dataset. To maximize the response rate, physicians received a preliminary notice (ie, schedule time) and a formal invitation by e-mail with a link to the survey, plus 3 reminders to complete the survey, 2 by e-mail and 1 by mail. Potential participants were physicians who had attested to (ie, were paid for) either Stage 1 or Stage 2 MU and who had an AAFP identification number. AAFP estimates that more than two-thirds of all US PCPs have an AAFP identification number. However, since <50% of AAFP's contact information has been updated in the last 3 years, the study was designed based on population statistics, where the number of responses, not response rate, determined significance. It was estimated that a minimum of 375 unbiased returns of the 15 000 invitations sent would be needed for a population-level dataset representative of US physicians' normative demographics. Figure 2 shows demographics collected for analysis and comparison. The AAFP Institutional Review Board approved protocols.
Analysis of data had 2 objectives relevant to this manuscript: (1) to determine the order of the criteria in terms of benefit and burden from least to most and (2) to determine if an individual criterion's benefit and burden were significantly different from those of the other criteria. Participants evaluated the benefit and burden for each of the 31 MU criteria once, resulting in a dataset for each. Analysis started with each criterion's benefit and burden data being descriptively evaluated and the results placed in a table for comparison of all 31 criteria to each other. After, criteria were reordered, creating 2 additional tables for each MU stage for comparison. The initial descriptive analysis provided a rank order of the criteria by examining a criterion's median and weighted benefit and burden scores. Comparisons of demographic subgroups were performed to determine if 1 criterion was significantly more beneficial or burdensome than others based on work distribution, setting, practice type, etc. 17 A Mann-Whitney test was used for 2 level demographic comparisons by criteria and Kruskal-Wallis for more than 2 for demographic variables. Next, direct analysis of the 31 criteria as a whole based on the participants' benefit and burden scores was performed using a Kruskal-Wallis test, with results compared to the initial descriptive analyses. 17 Finally, an analysis of MU stages was performed by evaluating the cumulative effect of benefit and burden based on the weight values and rank order. Analyses of reporting biases were performed using R Â C contingency tables comparing participant demographics to known national demographics. A Bonferroni correction was used to limit the potential of type I error by rerunning analyses using an adjusted alpha of 0.0016 (31 levels) based on the initial a ¼ 0.05. To facilitate data interpretation and panel discussion, criteria were classified based on how the information or data is most likely used in caring for patients (ie, intended use):
• Basic/routine care: Patient encounters with no additional treatment or evaluation required.
• Complex care: Patient encounters where management or continuance of care is required and/or likely to be coordinated with other health care professionals.
• Population care: Data collected regarding patient encounters where management or surveillance of a group is intended.
Findings associated with comparison and rank order of criteria for benefit and burden are reported in this manuscript, with findings associated with demographic subgroups reported in a subsequent paper.
17 The effort required to satisfy each criterion (minimal, some, a lot, extreme, N/A) 
RESULTS
Of 480 survey responses, 439 were usable for analysis. Responses with incomplete data and duplicate responses were excluded. Individual criterion responses ranged from 166 to 428 participants, depending on whether a criterion was in one or both MU stages. Distribution by stage showed 39% of participants in Stage 1 and 61% in Stage 2. Participant demographics (Table 2) were comparable to the profession's demographics, 21, 22 with the exception of fewer participants under age 40. A Bonferroni correction was used to adjust the alpha to 0.0016 based on the 31 criteria evaluated. This provided a conservative significance level that confirmed 40 of the 41 initial significant findings from the original alpha of 0.05 (Supplementary Appendix C). On average, a MU criterion was applicable to 58% of patients (range 20%-88%); the average burden level required to comply was "some" to "a lot," which corresponds to 43% effort (range 16%-64%), where extreme burden is 100%. Analysis showed that criteria were perceived as being beneficial to a physician's practice when applicable to >66% of patient encounters; those applicable to <52% were viewed negatively. Further analysis showed that 12 of 31 criteria were significantly burdensome, though 4 of these burdensome criteria were perceived as beneficial to patients (3 basic care and 1 complex care) ( Table 3) . 
DISCUSSION
This study assessed family physicians' perceptions of MU criteria benefit and burden levels during face-to-face patient care. Physicians perceived that more than half (18) of the criteria are useful for at least 50% of patient encounters, with 13 of these being useful in at least 66% of patient encounters. These numbers represent actual meaningful use as the program intended. However, physicians perceived 13 criteria to be of low benefit for patient care, and of those, 8 were perceived as highly burdensome. Correspondingly, it should be noted that physicians would likely take a negative view of any burden (ie, increased mental or physical effort) to comply with a task that is minimally beneficial to patient care. Hence, for these criteria to remain in a program such as MU (or its successor, the Merit Based Incentive Payment System), a strong case for clinical benefit would need to be made to justify mandatory inclusion.
A common burden was significant data entry, which was associated with many criteria's tasks and the physician's specific EHR. Further, 4 beneficial criteria posed a significant burden (see Table 3 ). However, performing medication reconciliation from another practice setting has long been a difficult task, even before EHRs or MU. Additionally, previous research found that problem lists 23 were frequently not recorded, 24 maintained properly, 25 and/or standardized 26 in patient records 27 prior to MU. Therefore, some of this burden is MU addressing clinical issues that should be addressed. However, MU and the associated EHRs were supposed to provide solutions and make systems better, not simply replace the old systems. Hence, for these 4 beneficial criteria, EHRs should be designed and implemented in ways that improve patient care without negatively affecting physician workflow (ie, minimal burden, making MU criteria compliance easy). Approximately 70% of physicians perceive Stage 1 as beneficial to patients. Stage 2 criteria were perceived as less beneficial and more burdensome to comply with. Thus, most physicians perceive a The most basic requirement of any job is having the right tools to complete each task. For MU, the physician's tool is a certified EHR. These findings call into question the level of functionality and support EHRs provide to physicians, given the volume of significantly burdensome criteria reported. Further, our findings support literature addressing frustration with the inefficiency of EHRs 8, 12, 13, 14 and provide a quantitative estimate of the benefit and burden associated with each MU criterion, estimates that can inform policy and EHR design priorities.
Recommendations
Primary care is a complex, adaptive work system. Only by understanding and supporting physicians' daily work will patient care improve. 28 MU criteria with high benefit and low burden should continue to be supported. Additional tasks (ie, burdens) that are mandated but not clinically beneficial to the majority of patients can divert attention and effort away from direct patient care. Burdens associated with beneficial routine tasks (ie, basic care) should be minimized via better EHR design to allow for the addition of more complex patient-specific tasks. At a policy level, compliance metrics should not be 100%, so adaptive patient care is encouraged. This is supported by the finding that beneficial criteria were applicable to approximately 75% of patients, with no criteria being applicable to 100% of patients. Burdens associated with some low-benefit tasks, such as public health initiatives, should be minimized via automated EHR reporting. Thus, as a general point, components of tasks that do not contribute to the Quadruple Aim 29 or fail to improve clinician and staff efficiency should be minimized or eliminated. However, a warning: not all meaningful activities in care processes can or should be measured. Further, attempting to measure some activities or outcomes, especially via documentation, may actually drive out what is important in the care process. 30 
Limitations
This study has several limitations. Fewer physicians under the age of 40 years completed the survey as compared to national demographic prevalence. However, the response rate for physicians under the age of 40 years is consistent with surveys performed by the AAFP marketing research group over the past 10 years, and additional testing confirmed no significant influence of reported findings. This study also focused on US family physicians, so findings may not be generalizable to specialists. The study design promoted a best-case scenario, as the lowest benefit score a physician could give a criterion was 20%. This could make criteria seem more useful than they actually are and would affect lower weighted criteria more. In addition, benefit was measured as the percentage of patients benefitting from a given criterion; the importance of the criterion regardless of the number of patients benefitting was not considered. The study asked physicians to focus on benefits and burdens related to face-to-face patient encounters. Thus, population health-focused criteria may have been viewed as less beneficial. This study did not elicit patients' perception of benefits. Therefore, criteria that physicians may not have found very beneficial from their viewpoint might be beneficial to patients (eg, receiving notices about preventive care or having health information sent to them within a given time period). The study also did not capture nonphysician staff perceptions. Last, this study produced a small population dataset representative of US family physician demographic norms. Small population datasets are subject to self-selection bias, and the potential for self-selection bias only increases as topics, such as MU, become more polarized. Therefore, we suggest using these results to further discussions about MU criteria's present role in performance-based payment systems, and how best to support primary physicians' care.
CONCLUSION
These findings represent practicing US family physicians' perceptions of the benefits and burdens associated with MU criteria. Their perceptions were that multiple MU criteria had high levels of burden, including some associated with basic/routine patient care, which constitute the foundation of patient encounters. Further, roughly one-third of MU criteria were perceived as useful in <50% of patient encounters, which means that time is taken away from typical patients for these non-value-added tasks (ie, system waste) that must be performed for compliance. 6,9,27,31 Hence, the policy becomes a burden on the quality of care that physicians can provide to their patients. In total, these findings provide insight into CMS's comment that MU has "lost the hearts and minds of the physicians." 32 At a national level, demand is growing for value-/quality-based health care, and policymakers are pushing physicians to be responsible for managing groups of patients and providing population-level care. Recently, CMS incorporated the MU criteria into the new federal merit-based incentive payment system program. To be effective, future policy (or revisions of current policy) must use sound scientific data from methods that measure the real impact on physicians and their patients before a program's implementation. 8, 20, 30, 33 While federal programs like MU have the potential to motivate change, designers and stakeholders must be careful to avoid negatively impacting individual patient care by understanding and supporting their work system. [34] [35] [36] 
ACKNOWLEDGMENTS
Study funding was provided by AAFP. Special thanks to Heidy RobersonCooper for serving on the MU panel and the AAFP marketing research department for managing the study's data collection. 
